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ABSTRACT 

Rank order assessment is presented as a method for evaluating airborne volatile organic 
compounds (VOCs) present in nonindustiial indoor environments. VOCs are collected on 
Tenax and analyzed by gas chromatography/mass spectrometry. In this method, specific 
VOCs are ranked in decreasing order of abundance for an indoor site and this list is then 
compared to the concentrations of the same analytes in the outdoor air. It may be obvious at 
this point if the indoor VOCs are atypical and possibly contributing to indoor air quality (IAQ) 
problems. When total indoor and outdoor VOC concentrations are similar, rank order 
assessment is helpful in determining sources of specific VOCs found in indoor air. 

INTRODUCTION 

Various procedures have been proposed to assess the effects of VOCs on the occupants of 
nonindustrial indoor environments. It has been suggested that a total concentration of VOCs 
between 160 and 5,000 micrograms per cubic meter (p.g/m 3 ) may be indicative of a threshold 
associated with annoyance and discomfort among sensitive occupants (1). 

Total concentrations of VOCs in indoor air are typically 2 to 10 times higher than those 
outdoors (2,3). Problem buildings are likely those with higher total indoor/outdoor 
concentration ratios (3). A number of investigators have called attention to the specific nature 
of various VOCs, including those emitted from new construction and finishing materials, 
cleaning materials, combustion processes, etc. (2,3,4). 

We have performed sampling for VOCs in 43 buildings with IAQ problems. The objective of 
this study is to illustrate that rank order assessment is useful in deciding if the indoor VOCs 
are atypical and possibly contributing to IAQ problems. 

MATERIALS AND METHODS 

We have performed IAQ evaluations in 105 buildings during the past 2 years. In 43 of these 
buildings, air sampling for VOCs was performed in complainant zones, often in noncomplaint 
zones, and always in the outdoor air as a reference (usually on the roof of the building). 
Complaints that elicited VOC sampling usually included odor annoyance and irritation of the 
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eyes, nose, and throat. VOC analytical results presented in tables are from one representative 
VOC sample from a complainant zone and from one outdoor air (reference) VOC sample in 
each building. 

Sampling for VOCs was performed by drawing air at a flowrate of 50 to 75 cc/minute through 
Tenax for 5 to 8 hours. Tenax was thermally desorbed and analyzed by gas chromatography/ 
mass spectrometry (USEPAT01 Method). 

Analytical results of VOC sampling were evaluate*! by rank order assessment. In this method, 
concentrations of individual analytes at an indoor site are listed in descending order of 
abundance, and this list is compared to the concentrations of the sample analytes in the 
outdoor air. Comparison of the indoor and outdoor lists of analytes offers a simple method 
for assessing sources of indoor VOCs. This method has been used to assist in the 
interpretation of sampling data for airborne saprophytic fungi and bacteria (5). 

RESULTS AND DISCUSSION 

Case studies are presented to illustrate the use of rank order assessment for evaluation of VOC 
sampling results. 

Building A . Complaints of inability to concentrate, earaches, and muscle aches were reported 
by employees in a hospital laboratory in a suburban location. The total concentration of VOCs 
both indoors and outdoors was approximately 500 jig/m 3 (Table 1). 

The VOCs outdoors were dominated by methylene chloride, possibly due to ongoing paving 
of a nearby parking lot. Indoor VOCs were dominated by C 9 H 12 alkyl benzenes and xylene 
and ethyl benzene, most likely from solvents used in the laboratory. Local exhaust ventilation 
was recommended for removal of indoor aromatic hydrocarbons. 


Table 1 

Specific VOCs (p.g/m 3 ) In Building A 



Indoors 

Outdoors 

C 9 H 12 Alkyl benzenes 

200 

6 

Xylene and ethyl benzene 

80 

2 

Methylene chloride 

40 

400 

I,l>l-Trichloroethane 

20 

60 

Total VOCs 

447 

543 


Building B . Air sampling was performed in tenant offices in an urban high rise, 30-year-old 
office building on several occasions. The air handling units serving the tenant offices also 
serve (and recirculate air from) a total of 25 floors. Renovation work was ongoing on 
non-tenant occupied floors following asbestos removal. 

Concentrations of total VOCs were determined during the autumn and winter (Table 2 ). When 
air handling units were providing minimum (<15 percent) outdoor air (winter) to occupied 
spaces, indoor VOC concentrations in some areas reached 265 jig/m 3 and exceeded outdoor 
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air levels by a factor of at least 10. Indoor concentrations under mi nim um outdoor air 
ventilation conditions were consistendy dominated by aliphatic hydrocarbons, most likely due 
to emissions from the new furnishings (modular office partitions and carpets) being installed 
on other floors. 

On autumn days when the air handling units were providing maximum (up to 100 percent) 
outdoor air (economizer mode of operation of air handling units), total indoor VOC 
concentrations were in the 75 to 125 pg/m 3 range, and rank ordering showed that the indoor 
VOCs were not dominated by any single type of compound. 


Table 2 

Specific VOCs (pg/m 3 ) in Building B 


Indoors Outdoors 


Maximum Outdoor Air (autumn day) 

C 6 *Ci 2 Aliphatics 

12 

15 

C 9 H 12 Alkyl benzenes 

10 

5 

Xylene and ethyl benzene 

9 

2 

Total VOCs 

81 

48 

Minimum Outdoor Air (winter davl 



Ci 3 and Greater Aliphatics 

70 

<LOC* 

C 6 -C 12 Aliphatics 

47 

2 

l,l>l-Trichloroethane 

20 

0.2 

Total VOCs 

263 

16 


* LOD means limit of detection. 


Building C . Employees in a large 1-year-old, 6-story office building in a suburban location 
began complaining of headaches, eye irritation, nausea, and fatigue soon after the building 
was occupied. Outdoor concentrations of total VOCs were approximately 50 pg/m 3 . Indoor 
total VOC concentrations ranged from 400 to 2,500 pg/m 3 , for an indoor/outdoor ratio 
between 8 and 50 (Table 3). 

Rank order assessment indicated indoor VOCs were dominated by components of solvents 
(2-butanone, up to 2,000 pg/m 3 ) and emissions from furnishings, new construction materials 
(aliphatic hydrocarbons and toluene), cleaning compounds (limonene), and deodorizers 
(dichlorobenzene), in concentrations up to 100 times greater than those outdoors. 

Examination of the heating, ventilating, and air-conditioning (HVAC) system revealed that it 
had been inadequately balanced (variable air volume terminals had minimum set points of 
zero) and was providing inadequate amounts of outdoor air (less than 10 cubic feet per minute 
per person on average). 


3 M. U 


Source: https://www.industrydocuments.ucsf.edu/docs/jnmmOOOO 


2025525774 




Table 3 


Specific VOCs (|ig/m 3 ) in Building C 


Indoors Outdoors 


2-Butanone 

800 

20 

C 6 -C 9 Aliphatics 

80 

2 

1,1,1-TrichIoroethane 

Methylene chloride 

75 

<LOD 

45 

6 

Total VOCs 

1,237 

55 


Building D . Employees in a 5-year-old public building in a suburban location complained of 
headaches, fatigue, eye irritation, and inability to concentrate. Total VOC concentrations 
outdoors were approximately 15 |ig/m 3 , with indoor/outdoorrarios in the 20 to 50 range 
(Table 4). 

Examination of analytical results revealed that concentrations of aliphatic hydrocarbons were 
up to 115 times greater indoors than outdoors. Examination of the HVAC system operation 
records revealed that inadequate amounts of outdoor air (variable air volume terminus had 
minimum outdoor air setpoints of zero) had been provided during the 5 years of occupancy. 
Although we could not exclude the possibility that elevated concentrations of VOCs were due 
to internal sources such as the use of cleaning chemicals, it was speculated that high indoor 
VOC concentrations were associated with emissions of VOCs from furnishings and finishing 
materials used during building construction. 


Table 4 


Specific VOCs (|ig/m 3 ) in Building D 


Indoors Outdoors 


C 6 -C 12 Aliphatics 

345 

<LOD 

1,1,2-Trichloroethene 

33 

<LOD 

2-Butanone 

8 

<LOD 

Benzaldehyde 

<LOD 

4 

Total VOCs 

432 

15 


Building E . Sampling for VOCs was performed in an urban 40-story office tower. The 
indoor/outdoor concentration ratio was approximately 10 (Table 5). Rank order assessment 
showed that Freon-113, used in refrigeration systems and by some laser printers, was present 
in concentrations nearly 200 times greater than outdoors. Other possible sources of indoor 
VOCs included solvents used in an unexhausted printing area and cleaning agents. 
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